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A specific protocol called an addiction assay was used to confirm the presence or absence of the
Phd-Doc system. This addiction assay is a method of showing a cell’s response to the Phd-Doc
system. In order to test for the viability of a strain containing the Phd-Doc genes, the genes were

toxin/antitoxin system as a means of limiting the expression of a set of genes called the

spliced onto the temperature sensitive plasmid pGB2ts. At 42°C, the plasmid would disintegrate,

Lac operon. The first part of the program pertained to mastering the various techniques

whereas it would remain intact at 30°C.

that would be needed to quantitatively analyze the effects of the Phd-Doc system, while
the second part actually tested various strains of E. coli with different genetic makeups
and how well they repressed the Lac operon. Specifically, the P1 and PTAC promoters
and λ11 and λ12 phages were attached to the Phd-Doc genes and the different results
were compared to find the most effective combination that results in expression or
repression of the Lac operon.

An addiction assay would be used to confirm the

presence or absence of the Phd-Doc system, while a β-galactosidase assay was used
to quantitatively measure its effects on the Lac operon , since β-galactosidase is one of
the products of Lac expression.
An understanding of the Phd-Doc system in E. coli is imperative for the experiments
that follow.

Under normal circumstances, Doc acts as a toxin that, in sufficient

quantities, can kill the cell. This Doc toxin can be neutralized by the Phd antitoxin. The
Phd binds to the Doc and forms a dimerized Phd-Doc system, which is not harmful to
the cell. This gene is normally regulated by the P1 promoter, which is naturally selfregulated and is repressed when the concentration of Phd-Doc reaches high levels. An
alternate promoter used is the PTAC promoter, which is not regulated by the Phd-Doc

Β-Galactosidase Assay

degrade the Phd, and upon the loss of the plasmid no more Phd can be produced and the undimerized

The other major protocol that was to be used in this experiment was the βgalactosidase assay. This test depends on the activity of the Lac operon. When the Lac
genes are expressed, they produce the enzyme β-galactosidase, usually used to break
apart lactose.

However, certain enzymes, including ClpXP, function to

However, B-gal also binds with a chemical called o-nitrophenyl-β-D-

Doc, unaffected by the same enzymes, kills the cell.

Thus, at 42°C the cell would die from the

overdose of Doc. If that particular strain also survives at 30°C, then it is inferred that the strain has the
desired Phd-Doc strains. This phenomenon is called plasmid addiction, where the cell requires the
presence of the plasmid to survive.

galactose (ONPG) and produces a yellow color during the subsequent reaction. The

30°C

42°C

amount of expression is measured by recording the optical density of the bacterial
culture at 600 nm, followed by permeablizing the cells and introducing the ONPG
solution, with final volume of 0.4 mL. The resulting cellular solution is then measured at
420 nm, a wavelength designed to be absorbed by the yellowed solution.

These

numbers are then plugged into a formula, which gives a value in Miller units, which
quantify enzymatic activity. Thus, when a strain gives a high Miller number, it is inferred
that there is little repression of the Lac operon, because there is enough production of β-

A

gal to bind with the ONPG and form a yellow color. A small Miller number reflects high
amounts of repression, because there is little yellowing due to the lack of β-gal.

B

C

D

Figure 1. Addictive Response of Cells containing pGB2ts with and without Phd-Doc. In this

system and produces the system regardless of its concentration. This Phd-Doc system

figure, cells A and C do not contain Phd-Doc, and cells B and D do contain Phd-Doc. At the

also acts a repressor for the Plac promoter, which governs regulation of the Lac operon.

permissive condition (30°C), both cells live because the loss of plasmid pGB2ts has not occurred,
allowing for a constant source of Phd to counteract the Doc in cell B. However, at the restrictive
condition (42°C), cell D dies because loss of the plasmid allows for death of the cell due to the
depletement of Phd, since it no longer has the plasmid to make more after ClpXP degrades it.

Creation of New Strains

This stage of the experiment was achieved in two separate steps. First, a Qiagen
Spin Miniprep Kit® was used to extract and purify the plasmid from the parent strains.

The effects of the Phd-Doc system were to be analyzed on the AB001-006 strains

This process used a series of proprietary buffer solutions and centrifugations to first lyse

with various combinations of promoters and λ-prophages, viruses used to integrate

the parent cell and then to separate out the desired plasmid from the extraneous DNA.

specific DNA sequences into a host cell while also integrating their own harmless DNA.

Secondly, this plasmid was directly transformed into the host strain. In order to achieve

In this case, AB001 and AB003 were created by transforming the plasmid from NM239
into BR7019 and BR7025, respectively. Likewise, AB002 and AB004 were created by
transforming the plasmid from NM240 into BR7019 and BR7025, respectively. Finally,
AB005 and AB006 were created by transforming the plasmid from NM175 into BR7019
and BR7025, respectively.

this, the host strain was first streaked and incubated in liquid media. Following this, 100
µL of cell solution was centrifuged into a pellet and the supernatant discarded. Next, the
pellet was resuspended with 1 ml 100mM CaCl2, which serves to permeabilize the cells
and make them receptive to the addition of new DNA.

Further centrifugation and

decanting ensured complete permeabilization. Another 500 µL of CaCl2 was added, and
1 µL of plasmid DNA from the earlier plasmid isolation procedure. Following this, the

Strain

Genetic makeup

Drug Resistance

NM239

pGB2ts

Spec

cells were heated for 90 seconds at 42°C, a “heat shock: which serves to open the cell’s
pores and make them receptive to the new DNA. At this stage, the plasmid is integrated
into the host cells and the resulting transformed strains can be incubated.

NM240

pGB2ts + Phd-Doc

Spec

BR7019

λ11-Plac-LacZYA

Kan

BR7025

λ12-Plac-LacZYA

Kan

sterilized, certain doses of antibiotics were added in order to allow for selection of a

The integrity of these transformed strains was then checked based upon the
expected antibiotic resistance of each strain.

After the media was prepared and

The β-gal assays revealed that the most effective phage in both expression and repression for the
P1 promoter was the λ12 phage, as the values of those strains (AB003, AB004, AB006) were more
extreme than the λ11 strains (AB001, AB002, AB005). The AB003 strain showed the highest average
of all the assays, meaning that without the Phd-Doc system to repress the Lac operon, it most actively
produces β-gal. The AB004 strain showed the most repression, as the Miller units were the lowest,
meaning that very little β-gal was produced by the Lac operon. Finally, the P1 promoter appeared to
be more effective than the PTAC promoter. This conclusion can be drawn because the values of
AB002 and AB004 are less than AB005 and AB006, respectively. Thus, the ultimate conclusions of
this experiment reveal that the λ12 virus was able to most successfully integrate the plasmid into the
desired strains, and that the natural P1 promoter was more effective than PTAC in both expression and
repression of the Phd-Doc system, in turn affecting the expression or repression of the Lac operon.

Strain

Run 1

Run 2

Run 3

Average

NM175

pGB2ts + PTAC-Phd-Doc

Spec

particular antibiotic resistant strain.

AB001

pGB2ts + λ11-Plac-LacZYA

Kan / Spec

combinations of antibiotics were added to both LB broth, a liquid media, and LB agar, a

AB001

782.2

1058.6

1218.1

1019.6

gelatinous media poured into petri dishes and allowed to solidify. The different bacterial

AB002

8.9

8.5

13.2

10.2

strains used in this experiment were resistant to spectinomycin (spec), kanamycin (kan),

AB003

1595.5

2478.1

2660.5

2244.7

AB004

5.6

2.9

6.9

5.1

AB005

18.5

8.5

17.5

14.9

AB006

10.7

14.9

5.7

10.5

AB002

pGB2ts + Phd-Doc + λ11-Plac-LacZYA

Kan / Spec

In the case of this particular experiment, three

Results

AB003

pGB2ts + λ12-Plac-LacZYA

Kan / Spec

AB004

pGB2ts + Phd-Doc + λ12-Plac-LacZYA

Kan / Spec

with 80 µg/mL spectinomycin and 30 µg/mL kanamycin added where appropriate. From

AB005

pGB2ts + PTAC- Phd-Doc + λ11-Plac-LacZYA

Kan / Spec

there, the different strains were streaked out and allowed to incubate overnight. As such,

AB006

pGB2ts + PTAC- Phd-Doc + λ12-Plac-LacZYA

Kan / Spec

each of the transformed strains was introduced to a Kan / Spec plate, which would allow

or both of these. Thus, the media was prepared to accommodate these requirements,

the transformed strain to survive while killing any of the untransformed parent strains.
Only a single colony from this primary streak was introduced to a fresh plate, allowing for
a form of purification of the strain. Following another incubation period, once again a
Table 1. Genetic Makeup of Various E. coli Strains used throughout the experiment.

single colony was selected and this time was introduced to a tube containing liquid broth,
which would later be used for a β-galactosidase assay.

Table 2. Miller Unit Values for Strains AB001-006 from the β-gal Assays.

